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Abstract. Widefield surveys have always provided a rich hunting ground for the 
coolest stars and brown dwarfs. The single epoch surveys at the beginning of this 
century greatly expanded the parameter space for ultracool dwarfs. Here we outline 
the science possible from new multi-epoch surveys which add extra depth and open the 
time domain to study. 



Introduction 



Widefield multi-epoch surveys have b een a crucial di scovery tool for ultracool dwarfs. 
Photographic plate data was used by iLuytenI ( 19791) to identify nearby cool stars by 



their proper motion. As technology evolved these plates were digitised (IHambly et al. 



l200lLlMonetetaDl2003[) leading to more discoveries of cool nearby stars. 

The study of brown dwarfs did not begin with widefiel d digital infrared and red op- 
tical surveys, but datasets such as 2MASS (Skiuts kie et al.l l2006) and SDSS (York et af 
20001) massively expande d th e sample of bro \ yn dw arfs. Works such as IChiu et al 



( 2006h . iReid et aP ( 20081) and iBurgasser et all ( 2004) provided large samples and ob- 



1 



2 



Deacon, et al. 



jects from these surveys wer e used to define the new L and T spectral classes dKirkpatrick et al 
1999L lBurgass er et alJ l200^. 



Now a new generation of widefield surveys are expanding into relatively unex- 
plored regions, identifying extremely cool objects, finding nearby brown dwarfs by 
their trigonometric parallax and opening the time domain to the search for variability. 
Here we outline the leading surveys currently in operation and those about to come 
online. 



2. Current Surveys 

2.1. The UKIRT Deep Infrared Sky Survey 

Of the five UKIDSS surveys (iLawrence et al.ll2007l) . three are contributing significantly 
to the study of substellar objects: the Galactic Clusters Survey (GCS), the Large Area 
Survey (LAS) and the Galactic Plane Survey (GPS). The first of these has is targeting 
10 clusters, and totalling over 1400 sq degs to a depth of K = 18.7. Four of these 
will have two epochs to allow proper motion selection of members for robust IMF 
determination (Pleiades, Alpha Per, Praesepe and Hyades). Results already published 
for several clusters are painting a picture of the substellar IMF that is broadly consistent 
with previous studi es. For an IMF of the form iA(M) oc M~ ", a value ofa = 0.6 appears 



to be common (e.g. iLodieu et al.ll2007l : iLodieu et al.ll2009l) 



The LAS search for field brown dwarfs has now resulted in the discovery of over 
100 T dwarfs, making it the single largest contributor to the known sample of these 
objects, has no w provided the most prec ise measurement of the space density of T6-T8 
dwarfs to-date ( Bumingham et al.ll201Cll) . revealing a significant dearth of these objects 



compared to what would be expected given the initial mass function observed in young 
clusters. The origin of this discrepancy is not clear, but possibilities include a variant 
substellar initial mass function over the lifetime of the Galaxy or problems with the 
evolutionary models used to predict the space density. In addition to studies of the IMF, 
the L AS sample is producing additional result s from searches for benchmark systems 



trie L AS sample is producing additional resutt s irom searches tor benchmark systems 
(e.g. ' Pay-Jones et al.ll20I0l : IZhang et al.ll2010i) and the search for halo T dwarfs (e.g. 
Murray et al. in prep.) 

Despite the challenges associated with searching for T dwarfs in the Galactic 
plane, the GPS is also beginning to deliver very cold objects. The disc overy of the 



extrem ely cool TIO dwarf UGPS J0722-0540 at a distance of just 4.1pc dLucas et al. 



I2010h . means that UKIDSS T dwarfs are now on the threshold of probing the sub-500K 
regime, where water clouds may start to be seen in the photosphere. Over the next few 
years the synergy of the UKIDSS data set with the WISE survey will likely reveal even 
cooler atmospheres, and possibly the first observation of water clouds beyond the Solar 
System. 

2.2. VISTA public surveys 

The Visible and Infrared Survey Telescope for Astronomy (VISTA) is a UK built 4 
metre class, near-infrared survey telescope located at the ESO site on Cerro Paranal, 
Chile. VISTA's wide field camera has sixteen 2048x2048 Raytheon arrays with quan- 
tum efficiency >90%. It produces tiles with dimensions of 1.5x1.0 degrees, compiled 
from 6 dithered pawprints. The image scale is 0.34 arcsec per pixel. During its first 5 
years of operation VISTA is mainly dedicated to performing six public surveys, which 
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began taking data in late 2009. These surveys include: Ultra VISTA, the smallest of 
the surveys covering only 0.73 square degrees to a depth of J=26.6. VIDEO (Vista 
Deep Extragalactic observations), VMC (Vista Magellanic Cloud Survey), VVV (Vista 
Variables in the Via Lactea), a synoptic survey of the Galactic plane, VIKING (Vista 
Kilo-Degree Infrared Galaxy Survey) and the largest, VHS (Vista Hemisphere Survey), 
which will image the rest of the southern hemisphere. 

The last two of these surveys will likely be the source of most brown dwarf dis- 
coveries from the VISTA surveys. With their large sky coverage in several filters, these 
surveys will probe deeper than any other near-infrared survey, for example VIKING 
alone will cover three times the volume of the UKIDSS Large Area Survey, providing 
data in the Z,Y,J,H and K, filters. Both VIKING and VHS will have optical counter- 
parts provided respectively from the ESO KIDS (Kilo degree survey) and DES (Dark 
Energy Survey), such that combining these surveys, and data from WISE, Skymapper 
and Pan-STARRS, will provide a powerful tool for the identification of brown dwarfs. 
There is the potential to increase the number of T dwarfs know by an order of magni- 
tude. In addition this will allow the identification of many brown dwarfs that could be 
used as benchmark objects as well as objects that are cooler than those presently known. 
These discoveries will be able to test and help calibrate existing ultracool models and 
measurement of the mass function to new precision. However, a very efficient follow 
up strategy will be required to classify the large number of brown dwarf candidates, 
many of which will be challenging targets for ground-based spectroscopy. 



2.3. The WISE All-Sky Survey 

One of the two primary science objectives for the Wide-field Infrared Survey Explorer 
(WISE) is to find the coldest brown dwarfs, which represent the final link between 
the lowest mass stars and the giant planets in our own solar system. WISE is a NASA 
Medium-class Explorer mission desi gned to survey the entire sky in four infrared wave- 



length s, 3.4, 4.6, 12 and 22 microns (fwright et al.il20Tol : iLiu et al]|2008l : iMainzer et all 



20051) . WISE consists of a 40 cm telescope that images all four bands simultaneously 
every 1 1 seconds. It covers nearly every part of the sky a minimum of eight times, 
ensuring high source reliability, with more coverage at the ecliptic poles. Ast romet- 



ric errors are less than 0.5 arcsec with respect to 2MASS ("Wrigh t et all l2010h . The 



preliminary estimated SNR=5 point source sensitivity on the ecli ptic is 0.08, 0.1, 0. 8 
and 5 mJy in the four bands (assuming eight exposures per band: IWright et al.]|201Clh . 



Sensitivity improves away from the ecliptic due to denser coverage and lower zodiacal 
background. WISE's two shortest wavelength bands, centered at 3.4 and 4.6 m (Wl 
and W2, respectively), were specically designed to optimize sensitivity to the coolest 
types of brown dwarfs (Kirkpatrick et al. in prep). In particular, BDs cooler than 
~1500 K exhibit strong absorption due to the nu-3 band of CH4 centered at 3.3 mi- 
crons, with the onset of methane absorption at this wavelength beginning at -1700 K 
(iNoll&MarlevI 12000). The as-measured sensitivities of 0.08 and 0.1 mJy in Wl and 



W 2 allow WISE to detect a 300 K BD out to a distance of ~8 pc, according to models 
bv iMarlev et"aD (12002) and ISaumon & MarlevI (12008). While the Wl and W2 bands 



are superficially si milar to the S pitzer/IRAC bands 1 and 2 (which were also designed 
to isolate cool BDs: iFazio et al.l[l998 ). the WISE Wl band is wider to improve discrim- 
ination between normal stars and ultra-cool BDs (Wright et al. 2010. This results in a 
systematically larger W1-W2 color compared to [3.6]-[4.5]. Currently, only about two 
dozen objects with spectral types later than T7 are known, and four objects are known 
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to have ty pe T9 or lat er ( Warren et"al] l2007l : iDelorme et all I2008L iBumingham et al. 
2008L and (LucasetalJ l2010'). New spectral indices for typing these late-type T dwarfs 



have been developed as the CH4 absorption band depths may not continue to increase i n 
the NIR with temperatures lower than those of T8/T9 dwarfs (IBumingham et al.]|2010l) . 
but spectral anchors have yet to be defined. We have recently reported the discovery 
of WISEPC J0458-I-64 ( Mainzer et al. 2010 ) an object which is consistent with an ex- 
tremely late T dwarf. The best-fitting model has an effective temperature of 600 K, log 
g=5.0, [Fe/H]=0, and evidence for the presence of vertical mixing in its atmosphere. 
As this remarkably cool object was found easily in some of the first WISE data, WISE 
is likely to find many more similar objects, as well as cooler ones, inevitably producing 
abundant candidates for the elusive Y class brown dwarf s. Scahng from the Sp itzer 
sample of 4.5 micron selected ultra-cool BD candidates (lEisenhardt et al.ll2010l) . we 
expect to find hundreds of new ultra-cool brown dwarfs with WISE. We compute that 
for most likely initial mass functions, WISE has a better than 50% chance of detecting a 



cool B P which may actually be closer to our Sun than Proxima Centauri (IWright et al. 
20101) . 



2.4. Surveys with Pan-STARRS 1 

The Pan-STARRS project (Panoramic Survey Telescope and Rapid Response System; 



Kaiser et"ani2002l) . led by the University of Hawaii's Institute for Astronomy, is devel- 



oping a unique optical survey instrument consisting of four co-aligned wide-field tele- 
scopes based in the Hawaiian Island (http : //panstarrs . ifa . hawaii . edu). As a 
pathfinder for the full system, the project has successfully completed a single telescope 
system, called Pan-STARRS 1 (PSl), on the summit of Haleakala on the Hawaiian is- 
land of Maui. PSl is a full-scale version of one of the four Pan-STARRS telescopes, 
with a 1.8-m primary mirror which images a 7-degree^ field-of-view on a 1 .4-Gigapixel 
camera. The large etendue of PS 1 allows for rapid surveying of the observable sky, ob- 
taining w2500 sq. degs and 1.5 Tb of raw data each night. 

The PSl 3.5-year science survey mission officially began in May 2010 and is car- 
rying out a suite of pre-defined surveys, spanning the nearest asteroids to the cosmolog- 
ical horizon. Of greatest interest to ultracool dwarf research is the Pan-STARRS 1 Stt 
survey, the largest of the PSl surveys, amounting to 56% of the observing time. The 
Pan-STARRS 1 3n survey will monitor three quarters of the sky (30,000 sq. degs 
north of declination -30°) in g, r, i, z. and y with six epochs per filter spread over 
three years and two observations per epoch to detect solar system objects. The sur- 
vey goes to depths roughly similar to SDSS in the bluest bands and is significantly 
more sensitive in the far-red, with the novel 3'-band filter (0.95-1.03 fim) providing 
the greatest gains for ultracool dwarf science. The 5cr single-epoch limits are grizy = 
23.2,22.5,22.2,21.2, 19.8 mag (AB system). 

The Pan-STARRS 1 3k cadence will allow objects to be selected based o n their 



proper motions and parallaxes without a priori colour selection (Magni er et al.ll2008i) . 



This will allow a complete survey of the ultracool dwarf population within 30 pc down 
to the mid/late T regime, as well as discovery of low-mass objects with extreme proper- 
ties that might otherwise have gone undetected. The resulting catalog unprecedented in 
its volume, sample size, and completeness will address several key areas, including: (1) 
the luminosity function of nearby ultracool objects with the first volume-limited sample 
of brown dwarfs; (2) rigorous tests of theoretical models of brown dwarf atmospheres 
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and evolution using densely populated color-magnitude diagrams; and (3) exploring the 
physics of ultracool objects over a wide range of metallicities and gravities. 

As of this writing, Pan-STARRS 1 is just completing its first pass of the sky. With 
these first epoch data, we have been carrying out a proper motion survey for nearby 
L and T dwarfs by combining them with 2MASS. The survey spans a « 10 year baseline 
and is most sensitive to objects with proper motions from w0.2-2.0"/yr. So far this has 
resulted in the discovery of a number of interesting ultracool dwarfs, including bright 
T dwarfs not previously identified in 2MASS (Deacon et al., in prep.). 

In addition, the Pan-STARRS 1 Medium Deep Fields is repeatedly observing a set 
of high-galactic latitude fields to search for supemovae and other transients (100 sq. 
degs in total). This survey is also suitable for the stellar/substellar variability stud- 
ies, with the potential to find around 300 low-mass eclipsing binaries, 10 brown-dwarf 
EBs, and about a do zen transiting brown dwarfs around low-mass stars within 100 pc 
(iDupuv & Liull2009h . 

2.5. The Stromlo Southern Sky Survey 

SkyMapper is a 1.3m telescope with a 5.7 sq degree field of view covered with 32 
2Kx4K E2V CCds that will carry out a 6-color, multi-epoch survey of the southern sky 
(including the galactic plane) - The Stromlo Southern Sky Survey. We aim to provide 
star and galaxy photometry to better than 3% global accuracy and astrometry to better 
than 50 mas. The sampling will be 4 hr, 1 day, 1 week, Imonth and 1 yr, although 
not in all filters. It will take five years to complete the survey. Some time is reserved 
for non-survey work. The photometric system of u (like Stromgren), v (like DD038), 
griz (SDSS) is designed to maximize precision in the derivation of stellar astrophys- 
ical quantities. We also have available an Halpha filter for limited use. We expect 6 
epoch limiting magnitudes of 22.9, 22.9, 22.8, 22.8, 21.9, 21.2 in u,v,g,r,i,z, respec- 
tively. The data will be supplied to the community after science verification without a 
proprietary period. Young M dwarfs will be surveyed using Halpha, r and i. L and T 
dwarfs (high-z QSO contaminants) will be surveyed using i-z. VISTA photometry will 
also be cross-referenced and proper motions derived from our different epoch SkyMap- 
per observations as well as through comparison with earlier epoch catalog positions. 
Follow-up spectroscopy will be carried out on the ANU 2.3m telescope and AAO 3.9m 
telescopes. 

2.6. The Palomar Transient Factory 

The Palomar Transient Factory (PTF: lLaw et al.ll2b09l) is a new fully-automated, wide- 
field survey conducting a systematic exploration of the optical transient sky. The tran- 
sient survey is performed using a new 8.1 square degree camera installed on the 48 
inch Samuel Oschin telescope at Palomar Observatory; colors and light curves for de- 
tected transients are obtained with the automated Palomar 60 inch telescope. With an 
exposure of 60 s the survey reaches a depth of m~21.3 and m~20.6 (5cr, median see- 
ing). Cadences range between 10 minutes and 5 days, with a 3-day-cadence r-band 
supernova search making up the largest fraction of the survey. The survey covers 8000 
square degrees, and fields are observed between tens and hundreds of times. PTF pro- 
vides automatic, real-time transient classification and follow-up, as well as a database 
including every source detected in each frame. As of Nov 22 2010, PTF had discovered 
and spectroscopically classified 910 supernovae. The wide-area, many epoch dataset is 
being used for a wide variety of cool star science, including the activity / rotation / age 
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relation, proper motion surveys, and a search for transiting planets around 100,000 M 
and L dwarfs. 



3. Future Surveys 

3.1. The Large Synoptic Survey Telescope 

The Large Synoptic Sky Survey (LSST) will cover the 20000 square degrees of the 
Southern sky, with ~1000 total visits in the ugrizy bands over 10 years. The faint- 
ness Umit will be z ~ 23.3 mags for ea ch visit and z ~ 26.2 mags for the total sur- 
vey (ILSST Science Collaborations! l2009h . LSST's depth, all-sky coverage, and 1000 



epochs provide an large and unique dataset for studying the ultracool dwarfs (UCDs; 
specifically of M, L, T, and the hypothetical Y spectral classes). 

LSST will allow for a census of the ultracool dwarfs (UCDs) in the solar neigh- 
borhood, with MO, L6, and T9 dwarfs detectable to ~10 kpc, 200 pc, and 25 pc, respec- 
tively. In terms of absolute numbers. Galactic si mulations predict>347,000 M, 35000 
L, 2300 L, and ~ 18 Y dwarfs in the LSST fields (ILSST Science Collaborationsl l2009). 



In addition, we will have accurate proper motions and parallaxes (see Figure [T]l. This 
will allow us not only to measure the mass function, lumninosity function, and veloc- 
ity distribution of UCDs but also complete the census of nearby moving groups and 
associations (also see chapter on Juvenile UCD session). 

The Southern sky is very rich in large, nearby open clusters, like the Orion Nebula, 
NGC 3532, IC 2602/IC 2391, and Blanco 1. Detecting and characterizing brown dwarfs 
in these clusters, which have k nown ages, wil l allow us to constrain the theoretical 
brown dwarf cooling curves (e.g. IChabrier et aP (l2000l) ). As most known brown dwarfs 



are in the field with very uncertain ages, they cannot be used to constrain the cooling 
curves. Similarly, LSST will detect a large of of UCD eclipsing binaries that will serve 
as benchmarks to constrain our stellar evolutionary models. Based on LSST data, 77 
M and 2 L dwarfs EBs will be characterized, with perhaps ten times as many UCD EB 
candidates (J. Pepper et al. in prep.) 



4. Combining survey data 

As mentioned previously surveys often complement each other by providing informa- 
tion in different wavel engths or provid i ng add itional epochs for proper motion measure- 
ment. Works such as Burgasser et al. ('2004') use infrared colours in combination with 
legacy optical d ata such as Monet et al. (20 03) to select ultracool dwarfs while UKIDSS 
studies such as iBumingham et al.1 ( 2O10h make use of SDSS d ata. Examples of us 



ing widefie ld surveys in combination for proper motions include iSheppard & Cushing 



mm and lOeacon et al. (2009). The new generation of surveys can also be used to- 



gether and with legacy data increase their science yield. 

4.1. Ultracool Subdwarf Binaries Discovered from Large Area Surveys 

Ultracool subdwarfs (UCSDs; e.g. jBurgasser et aLll2009h are metal- poor, halo counter- 



part of ultracool dwarfs. They have not been understood well both observationally and 
theoretically due to the limited number of known UCSDs, especially benchmarks (e.g.. 



Pinfield et al. 120061 ). The number of known UCSDs is increasing benefit from current 
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Figure 1. The distance at which stars of a given spectral type will be detected 
in LSST. The red (lighter grey in black and white) strip shows the distance for 
the brightness limits of r = 16 and r - 21 where proper motions greater than 
1.5 mas yr^l and parallaxes greater than 4.5 mas will be measured, with a 5-sigma 
significance. The solid blue (darker grey in black and white) shows the single epoch 
faintness limit, where proper motions greater than 7.5 masyr" 1 and parallaxes greater 
than 22 mas will be measured. The hashed blue shows the limits of the entire 10 year 
survey, extending up to r = 28. The depth as well as the proper motion and parallax 
accuracies are unprecedented. 
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optic al and NIR large area surveys (S DSSjYor k et aLll2000l : 2MASS. [Skrutskie et al. 



20061 : UKIDSS. lLawrence et allbOOl This make it is possible to identified UCSDs in 



wide binary systems. I selected a sample of objects with pr oper motions large than 100 
mas/yr from the SDSS and USNO-B proper motion catalog dMunn et al.ll2004) . Around 
one thousand M subdwarfs are confirmed with SDSS spectra. Start with this subdwarf 
sample, I identified two extreme UCSDs (esdM6+esdK2, esdM6+esdMl) and six M 
subdwarfs (including an sdMl+WD system) in binary systems based on their common 
proper motions (Zhang et al. in preparation). The esdM6+esdK2 binary is the most 
exciting system with very high proper motions (444±3mas/yr). Distances for both 
components are estimated, and both consistent with 180±30 parsec. It is one of the 
widest ultracool systems (16740±2790AU), With a separation of 93" at this distance. 
It's galactic velocity (U = -3253km/ s; V = -259.5km/ s; W = SAkm/s) consistent 
with halo population. This is the first halo subdwarf benchmark in wide binary system. 
We have obtained optical spectra of both components and will do further analysis on 
them. This research indicated that the wide cool subdwarf binary fraction i s similar 
to that of ultracool dwarfs (^0.01; e.g. JZhang et al.ll2010l : lFahertv et al.ll2010l) . It indi- 
cates that a large number of benchmarks are potentially identifiable, sampling the broad 
range in mass, age and metallicity need to adequately calibrate both atmospheric and 
evolutionary models. 



5. Summary 

Widefield surveys will continue to play a leading role in the discovery and study of ul- 
tracool dwarfs. From the widefield infrared surveys with UKIDSS, VISTA and WISE, 
to multi-epoch optical surveys with Skymapper, Pan-STARRS, PTF and in the future 
LSST, such surveys will identify the coolest objects, large samples for population stud- 
ies and many interesting variable sources. A summary of the surveys discussed in this 
paper can be found in Figure 2. 
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Figure 2. A summary of the surveys discussed in this paper. 
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